The synthesis and crystal structures of bis(S-methylisothiouronium) (MSTUH) 
Introduction
The free radical and paramagnetic molecule nitdc oxide (NO) is produced enzymatically in physiological and pathological conditions by a family of NO synthases NOS which catalyze the oxidation of L-arginine from the guanidino group to L-citrulline. These enzymes include constitutive cNOS and inducible iNOS forms. NO from endothelial constitutive isoform (ecNOS) is a potent vasodilator and was identified with the endothelium dependent relaxing factor EDRF which mediates vascular relaxation in response to acetylcholine and substance P ]. NO is also implicated in the regulation of blood pressure and inhibits platelet aggregation and leukocyte adhesion 2 ]. Endothelial overproduction of NO is implicated in atherosclerosis, diabetes and hypertension 3 ]. The continuous release of NO from the ecNOS keeps the vasculature in a continuous state of active vasodilatation.
The neuronal enzyme is found in brain and in peripheral nervous cells. In addition to its role in blood vessels, NO is a neurotransmitter found in high density in emotion-regulating brain regions [4 ] . NO from the constitutive neuronal isoform is implicated in neurodegeneration and neuroinjury. The inducible form iNOS is expressed in response to immunological Hexamidine diisethionate is a drug well-known for its antimicrobial effects which result from cationic surface active properties as a consequence of the bipolar structure of its cation. To our knowledge, its NOS inhibitor properties have not been described.
The aim of this work was to compare the anti-NO synthase properties of bis(Smethylisothiouronium) sulfate, a compound chosen as a reference NO inhibiting drug in our previous experiments ), N,N'-bis(3-guanidinopropylpiperazine) dinitrate and hexamidine diisethionate versus the corresponding tetrachloroplatinate(ll) salts, called hereafter PtMSTU, PtPipeC3Gua and PtHexa respectively. All these compounds contain the amidine function.
2.
Results and discussion.
2.1.
Descriptions of the structures.
In the three tetrachloroplatinate(ll) salts, the amidine function C(=NH)NH2 was protonated with the H atoms supplied by the acid at the imino group of each terminal amidino function. (Tables 1 and 2 2.1.1. Description of the PtMSTU structure. Figure la The asymmetric unit consists of half of a square planar [PtCI] anion and one [MSTUH] cation. The S(1) C(2) bond length of 1.782 (7) A is in good agreement with the length of a pure $ C single bond 1.82 A while the S(1) C(1) bond length (1.730(6) A is significantly shorter and indicates arl approximately 50% double-bond character. The atoms $(1), C(1), N(1) and N (2) of the isothiouronium cation were coplanar and the methyl carbon. C (2) is 0.17 A out of this plane, to which the S(1) C (2) bond is inclined at an angle of 5.6". Between the two N C $ bond angles, there is a difference of 7.6". The larger angle is the one to which the remote substituent 128 on the sulfur atom stands in a syn-relationship as shown by the torsion angles of 6.02 for the N(2) C(1) S(1) C (2) All the amidinium H atoms are involved in hydrogen bonding to C1(1), C1(1), C1(2) and C1(2"). The most noticeable feature is that there is one bifurcated hydrogen bond involving H(102) attached to N(1) with C1(1 ) and C1 (2) symmetry code i'-x, y, z ii" x, y, z
iii :x, l+y,z). 5, No. 3, 1998 In Vivo Nitric Oxide Synthase Inhibitors Can Be Deprived of this Activity:
Unexpected Influence of the Tetrachloroplatinate(II) Conteranion.
The crystal packing is characterized by four intermolecular bonds involving hy.d. rogen atoms attached to N (12) , N(13) and N(14) from the guanidinium moiety with C1(2), C1(3"), CI(S') and C1 (4) and another one from the hydrogen atom attached to the piperidinium N(1) atom with C1(1 ') symmetry code ii 1-x,-y,-z iiix,-y+ 1/2, z-1/2). 5, No. 3, 1998 In NO generation was assessed 0.5 and 7 hours after the induction of the inflammatory reaction. According to previous studies 20 this production correlated to the activation of constitutive and inducible NO synthases respectively.
The three non-platinum salts tested demonstrated a significant inhibition of NO generation during an experimental inflammatory reaction. This inhibition was observed on constitutive NOS (in the early time of inflammation and on inducible NOS in the later time and may be beneficial in some pathological situations[ 21 ]. Moreover, the NO synthase antiinhibitor properties of these new tetrachloroplatinate(ll) salts is described here for the first time, to our knowledge. These tetrachloroplatinate(ll) salts did not, however, enhance nitrite production as shown in Figure 2 A and Figure 2 B. As NO exerts an ambivalent role on many physiological functions, control of its over-production may be of therapeutic value 22 ]. This property, demonstrated for an antiseptic compound such as hexamidine, may add some cytotoxic activity to its other properties. On the contrary, if this anti-NO property is unsuitable, formation of tetrachloroplatinate(ll) salts deprived of action on NOS may be appropriate.
Experimental
Synthesis of the tetrachloroplatinate(ll) salts.
K2PtCI4 Jansen Chimica was used as received. (2) 11.694 (2) 9.060 (3) 7.278(3) 9.497 (3) 12.787 (5) 8.642(3) 11.758 (4) 13.55 (2) 72.48(2) 90.0 107.156 (7) 72.68 (2) 92.55 (2) 99.553 (6) 81.10(3) 90.0 96.94 (3) 362.7(2) 1304.6 (7) 1455.0(3) Structure determination. The refined cell constants and other relevant crystal data are presented in Table 1 , together with details of the intensity measurements. The crystals were mounted, using glass fibers, on an ENRAF-NONIUS CAD4 diffractometer equipped with a graphite monochromator. The lattice parameters were refined using 25 reflections. The data were collected using the 0-2e scan technique and with Mo Ko radiation % = 0.71073 ,& ).
Synthesis of bis(S-methylisothiouronium) tetrachloroplatinate(ll
During the data collection, three intensity control reflections were monitored every two hours, showing no loss of intensity. The data were corrected for Lorentz and polarisation effects. The structure was solved by a combination of direct methods using SIR procedure 23 and heavy-atom techniques and refined by full-matrix least-squares method based on F, using CRYSTALS 24 ]. An empirical absorption correction with the program DIFABS 25 was used. Anisotropic displacement parameters were assigned to all non-H atoms. The hydrogen atoms were introduced in calculated idealized positions (d (C-H) (1) 2.297(1) CL (2) PT (1) (2) 1.782 (7) PtPipeC3Gua PT(1) CL (1) PT(1)-CL (2) 2.297 (3) CL(1 PT(1 CL(2) 91.1 (1) 2.298 (3) CL (3) PT (2) CL (4) 91.2(1) PT (2) CL (3) PT (2) CL (4) 2.299 ( C(1) C(2) 1.471 (6) C(29)-C(30) 1.525 (7) CL (2) PT (1) CL (1) CL (3) PT(1) CL(1) CL(4 )-PT(1) CL (1) CL (2) PT (1) CL (3) CL (2) PT (1) CL (4) CL (3) PT (1) CL (4) C ( (1) C (1) C (2) 119.4(4) N (2) C(1) C(2) 120.7(4) C (1) C (2) C (3) 119.0(4) C (1) C (2) C (7) 121.8(4) C (3) C (2) C (7) 119.2(4) C (2) C (3) C (4) 120.8(4) C (3) C (4) C (5) 119.4(4) O (1) C (5) C (4) 123.9(4) O (1) C (5) C (6) 116.1(4) C (4) C (5) C (6) 120.0 (4) C(5) C(6) C(7) 119.9(4) C(2) C (7) Other crystallographic details, comprising fractional atomic coordinates, hydrogen bonds, thermal parameters, and tables of observed and calculated structure factors are available on request.
